Abstract-Frequency channels are a scarce resource in the ISM to the particular influence of interferences produced by cells bands used by IEEE 802.11 WLANs. Current radio resource using the same channel (co-channel interference): in a cell management is often limited to a small number of nonsuffering only from co-channel interference, even though overlapping channels, which leaves only three possible channels there is no traffic on it, the nodes may defer their in the 2.4GHz band used in IEEE 802.11b/g networks. In this transmissions if when sensing the medium, they detect other paper we study and quantify the effect of adjacent channel nodes using the channel from an interfering cell; these nodes Communications in these bands need to implement spread spectrum which is in fact a scarce resource. Described in [1] spectrum techniques and limit their transmitted power in order as a chaotic network, this scenario is characterized by an to minimize the impact of interference with other devices. unplanned and unmanaged deployment.
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Once spread, the resulting signal occupies a bandwidth of The mentioned study also states that in most cases, the about 20 MHz. In addition, the available channels are defined density of nodes is such that administrators are not able to with 5MHz separation between consecutive carriers, bringing ensure an innocuous coexistence (many interfering sources the need to use, at least, five channels of separation to and a limited number of non-overlapping frequency guarantee that two simultaneous transmissions do not interfere channels based on DSSS (Direct Sequence Spread Spectrum) and the station is allowed to transmit. If the medium is sensed OFDM (Orthogonal Frequency Division Multiplexing). In busy, the transmission is delayed until the channel is idle DSSS, the data at the sending station is combined with a again. Physical and virtual carrier-sense functions are used to higher-rate bit sequence that spreads the user data in determine the state of the medium. Virtual carrier sense is frequency by a factor equal to the spreading ratio. The IEEE referred to as the Network Allocation Vector (NAV). The 802.11 standards specify the use of Barker codes (1 and 2 NAV maintains a prediction of future traffic on the medium Mbps) and the use of CCK (Complementary Code Keying in based on duration information that is announced in some 5.5 and 11 Mbps) for the chip sequence in DSSS systems.
frames. Basically, the physical layer provides a busy/idle
The direct modulation effectively spreads the signal over a medium recognition based on the detection of any energy much wider bandwidth and its power spectrum can be above a given threshold Pth; physical layer can also report a described by the following equation: busy medium upon detection of an 802.11 signal (above or below Pth).
I2
A slotted binary exponential backoff interval is uniformly (3) wireless "pathways" for sending the information in a parallel However, the IEEE 802.11 standard defines a transmit spectrum mask intended to limit the energy of the transmitted For example, if a DSSS receiver is tuned to channel 1, it signal that invades adjacent channels: aroundfc, the signal is will receive all transmissions on channel 1 (c=0) without unmodified; at frequencies beyond fc± 1MHz, the attenuation, but interfering transmissions produced in transmitted spectral products shall be less than -30 dBr, andchannel 4, are reduced by more than 8dB (c=3). 50 dBr for frequencies fc±22MHz. For OFDM, the transmitted spectrum shall have a 0 dBr bandwidth not exceeding 18 MHz, -20 dBr at 11 MHz frequency offset, -28 dBr at 20 MHz frequency offset and -40 dBr at 30 MHz frequency offset and above (see figures 3 and 4) .
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Channel 3cevedin34 nd36 signal is above Pth, the physical carrier sense mechanism will specifies four modes: 11Mbps (8-bit CCK), 5.5Mbps (4-bit defer transmission for all interfering station's frames, so in CCK), 2Mbps (DQPSK) and IMbps (DBPSK) to be used in this case, the interference does not affect the PER and the 2.4GHz frequency band. Each different scheme provides therefore there is no sense in applying the attenuation due to a different transmission rate, but the higher the chosen rate the utilization factor. Otherwise, the interference can be the worse it performs in the presence of noise and addedtotheSINRbeforederivingPER. interference; i.e. the harmful effects of interference are Our estimation of PER is now: PER, = uPER1; where different for each different modulation and coding rate. The PER, is the PER obtained with an adjacent interferer's relationship SINR vs. BER (Bit Error Rate) can be derived utilization of u and PER1, the PER when the interferer's either from empirical measurements (e.g. [13] ) or using utilization is in saturation (u=1). This PER variation can be known formulas [14] . Figure 8 shows analytical curves with translated to an equivalent log1o(1/u) increase in the SINR. the bit error probability for all modulations in 802.11 OFDM These assumptions were verified by means of practical under the assumption of binary convolutional coding and measurements and simulations. The simulated scenario hard-decision Viterbi decoding with independent errors at the consisted of two partially overlapping IEEE 802.1 la cells channel input (see details in [15] ). An upper bound for the with two stations each (tx and rx). Cell A's rx receivesPacket Error Ratio (PER) was given in [16] : 76dBm of unfiltered signal from cell B's tx. The channel distance is 2 (ch. 34 and 36). B's utilization is increased from PER =lI-(1-P)8/ (4) 0 to 100% whereas A's tx is always in saturation state.
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Simulations were made with two different modes (m=4 and m=8) in order to verify that our assumptions are independent where Pm is the error probability for data bits using the PHY of the modulation used. The details of the simulator's PHY mode m, and I is the frame length in Bytes. Once the PER is layer implementation can be found on [19] . The results are known, we can quantify the effect of interference on the shown in fig. 9 : dotted lines are obtained through analytical saturation throughput as proposed in [17] : Chatzimisios et. models with the saturation throughput computed using the al. introduced the PER into the well known Bianchi's formulas in [17] after deriving PER from u and SINR as formulation [18] . explained before; solid lines are obtained from simulations. In order to derive the effects of adjacent channel Practical measurements were made with a similar testbed but interference on the station's performance, we can use the using DSSS devices with 1Mbps PHY (DBPSK); PER and model described in IV with the exception of utilization. Even SINR showed the same relationship. though the utilization model's accuracy was validated with practical measurements with a spectrum analyzer, it is not applicable when the PER is computed from SINR values. The effects of utilization will depend not only on the activity/idle periods ratio, but also on the frame size distribution and the process describing inter-frame times in we obtain dth when Prx=Pth, i.e. dth, which is also known as the carrier sense range, is the minimum distance between two nodes required to avoid the carrier sense mechanism to report a channel occupied when the other station is transmitting. Again we can say that it can be preferable to use partially TX3 overlapped channels before a channel that is already in use. Hence, the best channel assignment for an scenario like the one depicted in fig. 11 (with max(dxy) < dth(0)) will be that 3 using channels 1, 5, 9 and 13. Observe that in this case, the use of partially overlapped channels avoids the exposed node Figure 12 : Scenario with 4 .1 lb Tx/Rx pairs. All TXs are within problem [21] .
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